Oxidation of human catalase by singlet oxygen in myeloid leukemia cells.
Catalases are oxidized by singlet oxygen giving rise to more acidic conformers detected in zymograms after electrophoresis in polyacrylamide gels. This shift in catalase mobility can be indicative of singlet oxygen production in vivo. Catalase from human cells, as from many organisms, is susceptible to in vitro modification by singlet oxygen. Human myeloid leukemia (U937) cells were treated under different stress conditions and catalase activity and its electrophoretic mobility was monitored. The U937 cells were found to have high levels of catalase activity, as compared to cultured fibroblasts, and to be very resistant to oxidative stress. Hydrogen peroxide did not modify the electrophoretic mobility of catalase, even at doses that produced cell damage. Conditions that primarily generate superoxide, such as treatment with paraquat or heat shock, also failed to modify the enzyme. In contrast, photosensitization reactions using rose Bengal gave rise to a more acidic conformer of catalase. Singlet oxygen quenchers prevented catalase modification by rose Bengal and light. The growth medium had a photosensitizing activity. Catalase was not modified in cells illuminated in phosphate buffer but was modified in cells illuminated in phosphate buffer containing riboflavin. Intense light per se also generated a slight shift in the electrophoretic mobility of catalase. Ultraviolet light (350 or 366 nm) did cause a change in catalase, but to a less acidic catalase conformer, indicating other modifications of the enzyme. The main effect of photosensitization with methylene blue was crosslinking of the enzyme, although some shift to acidic conformers was observed at a low concentration of the photoactive compound. Results indicate that catalase can be modified by singlet oxygen generated intracellularly, even though the enzyme is predominantly inside peroxisomes. Under some photosensitization conditions, catalase modification can be used as a marker to detect intracellular singlet oxygen.